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Preface. 

The  ?Jtialy3ls-  of  Secondary  Stresses,  although 
aiich  stresses  were  recognised  by  engineers  in  their 
designs,  has  teen  considered  a  very  laborious  oper- 
ation and  until  recently  their  computation  was 
deemed  unnecessary  in  most  cases. 

The  purpose  of  this  thesis  is  to  present  a 
Systematic  method  for  the  solution  and  a  convenient 
arrangement  of  the  calculations,  and  also  to  show 
the  importance  of  secondary  stresses  in  trusses  of 
relatively  small  proportions;. 

The  authors  have  not  attempted  to  introduce  or 
apply  any  new  theory.  For  the  derivation  of  the  for- 
inulae,  the  reader  is  referred  to  an  excellent  treat- 
ise on  the  subject  by  Johnson,  Bryan,  and  Turneaure 
Modern  Framed  Structures  "  -  Part  2. 

The  authors  have  chosen  what  they  believe  to  be 
a  typical  problem,  and  it  is  hoped  that  the  present 
work  will  prove  of  benefit  to  those  desirous  of 
acquiring  a  working  knowledge  of  the  subject. 


May  25,  1921.     Chicago,  111. 
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Primary  and  Secondary  Stresses  Defined. 

In  the  analysis  of  stresses  in  a  truss  it  is 
usually  assumed  : 

(1)  The  joints  lie  in  the  gravity  axes  of  the 
members . 

(2)  All  external  loads  and  weights  of  members 
are  applied  at  the  joints  only. 

(3)  All  members  are  free  to  turn  at  the  joints. 

(4)  All  members  are  straight,  sxidl  remain 
straight  after  the  loads  are  applied. 

The  stresses  resulting  from  a  determination  based  on 
these  assumptions  are  called  "  Primary  "  or  direct 
stresses . 

That  these  assumptions  are  not  realized  in  prac- 
tice is  easily  apparent. 

(1)  The  joints  are  often  eccentric. 

(2)  The  weights  of  the  individual  members  are  car- 
ried to  the  joints  by  the  members  acting  as  beams*. 

(3)  The  members  are  not  free  to  turn  at  the  joints 
This  must  be  true  in  riveted  connections,  and  is  true 
to  a  considerable  extent  even  in  pin  connections;, 
because  there  is  alirays  friction  between  the  pin  and 
the  mem.ber. 


(4)  The  members  themselves  ere   not  straight  and 

do  not  remain  straight  after  the  loads  are  applied. 
Since  the  members  are  rigid  at  the  joints,  a  change 
in  relative  position  of  the  joints  due  to  the  pri- 
mary stresses  will  introduce  a  single  or  double  bend- 
ing in  the  member. 

The  stresses  resulting  from  this  bending  due  to 
the  rigidity  of  the  joint  connections  and  the  other 
factors  mentioned  are  called  "  Secondary  Stresses." 

It  has  been  found  that  the  most  important  of  the 
secondary  stresses  are  the  bending  stresses,  and  con- 
sequently an  analysis  of  the  other  secondary  stresses 
has  been  omitted. 


Formulae . 
Calculation  of  the  changes  of  angle  in  any  tri- 
angle in  terms  of  the  changes  in  the  lengths  of  the 
members . 


Sg  "    ^2                              ^3  ~  ^1 
da  -  —^ cot  B  + = cot  Y   (1) 


S-,  -  S3            ^1  -  ®2 
dB  =  cot  Y  +  cot  a   (2) 


So  —  Si  So  •■  S-z 

dY  r  — i i_  cot  a  + —   cot  B   (3) 

E  E 


The  deflection  angles  of  a  beam  subjected  to 
given  moments  applied  at  the  tvro  ends. 

2EI 


M. 


1  =   — £—  (2Ti  ♦  T2  )  (4) 


Mg   r   ^  (  2T2  +  Ti  ^  (5) 


Values  of  the  deflection  angles  T  in  terms  of 
the  changes  of  angle  da,  etc. 


nm 


'     "^nl  +  ^f  '^^  ^^^ 


The  moments    at   any  joint   in  terms    of   the  deflec- 
tion  angles  T. 

(   See  formula  17,   page  432-   Johnson,  Bryan, 
Turneaure,-   Part  11.)  ("^l 


The  moment  and  fibre  stress  in  terms  of  T. 


M^  =   2  EK^  (  2T^  ,  T^^  )  (8) 


fnm  =  -^  (  2T^  *  ^^^  ^  ^9) 


In  these  equations  J^  and  f-^^   are  respectively 
the  bending  moments  and  fibre  stress  at  joint  n  in 
member  run,  and  c  =  distance  of  fibre  from  neutral 
axis. 


Explanation  of  Tables. 

Table  A.  Data  necessary  for  the  determination  of 

constants. 

Table  B. Calculation  of  changes  of  angle, arranged 

^y  triangles. 

Table  C. Calculation  ofZdL  and'  KZdL  at  the  several 

Joints. 

Table  D. Formulation  of  equations  using  Table  C. 

Table  E. Solution  of  equations-.. 

Table  F. Determination  of  fibre  stress  for  each 

member  at  each  joint. 

Table  G.  Values  of  secondary  stresses  in  terms  of 

percentage  of  masiimum  primary  stresses. 


*- 
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